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METHOD AND APPARATUS FOR ENABLING A STAND ALONE 

INTEGRATED CIRCUIT 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to integrated circuits and more particularly to 
enabling a stand-alone integrated circuit. 

BACKGROUND OF THE INVENTION 

Integrated circuits are known to include a large amount of circuitry in a very small 
area. The circuitry may perform a wide variety of functions such as a microprocessor, 
digital signal processor, operational amplifier, integrator, audio encoder, audio decoder, 
video encoder, video decoder, et cetera. To power such integrated circuits, the integrated 
circuits include power pins for a power input (typically V dd ) and a return pin (typically 
Vss). The power is typically provided by a regulated external power supply. As such, 
once the external power supply is up and running, the integrated circuit may be activated 
in a known state. 

For most digital circuits on an integrated circuit, a clock signal is needed. The 
clock is typically generated once an external power supply is producing a regulated 
supply voltage to the integrated circuit (IC) and the IC has been activated. To ensure that 
the digital circuitry begins functioning in a known state, it is important to delay activation 
of the digital circuit until the power supply is producing a stable supply voltage and the 
clock is operating properly. Once these operating parameters are ensured, the digital 
circuitry may be activated. 
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Insuring the proper enablement of an IC is relatively straightforward when the 
power supply is external to the IC. If, however, the power converter is on-chip with the 
digital circuitry and the power converter requires a clock signal to produce a supply 
5 voltage, a difficulty arises in enabling such a stand-alone integrated circuit. 

Therefore, a need exists for a method and apparatus for enabling a stand-alone 
integrated circuit that includes an on-chip power converter. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a schematic block diagram of a stand-alone integrated circuit 
in accordance with the present invention; 

1 5 Figure 2 illustrates a schematic block diagram of an alternate stand-alone 

integrated circuit in accordance with the present invention; 

Figure 3 illustrates a logic diagram of a method for enabling a stand-alone 
integrated circuit in accordance with the present invention; and 

Figure 4 illustrates a schematic block diagram of an embodiment of the reset 
circuit of Figure 1 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Generally, the present invention provides a method and apparatus for enabling a 
stand-alone integrated circuit (IC). Such a method and apparatus includes processing that 
begins by establishing an idle state that holds at least a portion of the stand-alone 
integrated circuit in a reset condition when a power source is operably coupled to the 
30 stand-alone integrated circuit, A stand-alone integrated circuit includes generally an on- 
chip power converter, a reset circuit and some functional circuitry which may be a 



3 



microprocessor, digital signal processor, digital circuitry, state machine, logic circuitry, 
analog circuitry, and/or any type of components and/or circuits that perform a desired 
electrical function. When a power enable signal is received, the on-chip power converter 
is enabled to generate at least 1 supply (e.g. a voltage supply or current supply) from the 
5 power source (e.g. a battery). The processing continues by enabling functionality of the 
stand-alone integrated circuit when the at least one supply has substantially reached a 
steady state condition. With such a method and apparatus, a stand-alone integrated 
circuit may be properly enabled such that when the functional circuitry of a stand-alone 
integrated circuit is enabled it is enabled in a known state to ensure proper operation of 
10 the integrated circuit. 

The present invention can be more fully described with reference to Figures 1 
through 4. Figure 1 illustrates a schematic block diagram of a stand-alone integrated 
circuit 10 that includes a reset circuit 16, an on-chip power converter 18, functional 

1 5 circuitry 22, and a supply lock circuit 20. The stand-alone integrated circuit 1 0 is 

operably coupled to an external power source 12, which may be a battery, solar power 
generator, or other power source that produces a voltage that is not the proper voltage for 
powering at least a portion of the stand-alone integrated circuit 10. The stand-alone 
integrated circuit 10 is also operably coupled to an external crystal 14 that provides an 

20 oscillation to the reset circuit 16. 

The reset circuit 16 includes a reset module 24, a clock lock module 26, and a 
clock generator 28. When the power source 12 and the crystal 14 are coupled to the 
stand-alone integrated circuit 10, the clock generator 28 produces a clock signal 32. The 
25 clock lock module 26 monitors the clock signal 32 to determine when it has reached a 
steady state condition. The clock signal 32 has reached a steady state condition typically 
when it is producing a clock signal at approximately 10% of the ideal frequency of the 
desired clock signal. Note that the reset circuit 16 will hold the power converter enable 
signal 31 in an inactive state until the clock lock signal 34 is asserted. 
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The reset module 24 holds the reset signal 30 low such that the functional 
circuitry 22 is held in an idle condition until the supply lock signal 44 is asserted as well 
as the clock lock signal 34. The function of circuitry 22 may be a microprocessor, digital 
signal processor, state machine, logic circuitry, analog circuitry, and/or any combination 
5 of electrical components to perform a desired electrical response given an electrical 
stimulus. 

The on-chip power converter 18 includes a band-gap reference 36, switching 
transistors 38 and a regulation module 40. The on-chip power converter 18 remains 

1 0 inactive until a power enable signal is asserted. Once asserted, the band-gap reference 36 
generates a reference voltage that is supplied to the regulation module 40. The regulation 
module 40 receives the clock signal 32 and generates control signals that are provided to 
the switching transistors 38. Based on the control signals, the switching transistors 38 
produce a regulated supply 42. The supply lock signal 20 and the functional circuitry 22 

1 5 receive the regulated supply 42. For a more detailed discussion of the on-chip power 
converter 18, refer to co-pending patent application having a docket number of 
SIG000010, entitled METHOD AND APPARATUS FOR REGULATING A DC 
OUTPUT VOLTAGE, having a Serial Number of 09/551,123, and a filing date of April 
18,2000. 

20 

The supply lock circuit 20 receives the supply 42 and determines when it has 
reached a steady state. The supply lock circuit 20 determines that the supply 42 reaches a 
steady state when the supply reaches at least 90% of its desired value. When this occurs, 
the supply lock circuit 20 generates a supply lock signal 44. 

25 

The reset module 24 receives the supply lock signal 44 and, if the clock lock 
signal 34 is enabled, the reset module 24 clears the reset signal 30 thus removing the 
functional circuitry 22 from the idle state. Once removed from the idle state, the 
functional circuitry 22 may perform its desired function(s). As one of average skill in the 
30 art will appreciate, multiple functional circuits may be included on the stand-alone 

integrated circuit where each functional circuit may be controlled by the reset circuit 16 
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or may each have its own corresponding reset circuit 16. The on-chip power converter 18 
may produce multiple supply voltages for powering different types of functional 
circuitries. For example, analog circuitry may require a 5 volt supply while digital 
circuitry may require a 3 volt supply. As one of average skill in the art may further 
5 appreciate, the clock signal 32 may be delayed from generation until the power enable 
signal is activated as opposed to being generated upon application of power source 12. 

Figure 2 illustrates a schematic block diagram of an alternate stand-alone 
integrated circuit 50. The stand-alone integrated circuit 50 includes the on-chip power 

10 converter 18, the functional circuitry 22, a processing module 52, and memory 54. The 
processing module 52 may be a single processing device or a plurality of processing 
devices. Such a processing device may be a microprocessor, microcomputer, digital 
signal processor, state machine, logic circuitry, and/or any device that manipulates 
signals (analog or digital) based on operational instructions. The memory 54 may be a 

1 5 single memory device or a plurality of memory devices. Such a memory device may be 
read only memory, random access memory, system memory, and/or any device that 
stores digital information. Note that when the processing module 52 implements one or 
more of its functions via a state machine or logic circuit, the memory storing the 
corresponding operational instruction is embedded within the circuitry comprising the 

20 state machine and/or logic circuit. 

In general, the processing module 52 receives a power enable signal 56. Based on 
the power enable signal, the processing module performs a plurality of processing steps, 
which are discussed in greater detail with reference to Figure 3, to produce an enable 
25 signal 58. The enable signal 58 causes the on-chip power converter 1 8 to produce supply 
42. Once the supply 42 reaches a steady state, the processing module 52 clears the reset 
signal 30 such that the functional circuit 22 may become active. 

Figure 3 illustrates a logic diagram of a method for enabling a stand-alone 
30 integrated circuit. The process begins at Step 60 where an idle state is established. The 
idle state holds at least a portion of the stand-alone integrated circuit in a reset condition 
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when a power source is operably coupled to the stand-alone integrated circuit. For 
example, when a battery is coupled to the stand-alone integrated circuit the functional 
circuitry is held in an idle, or inactive state. The process then proceeds to Step 62 where 
a power enable signal is received. The process then proceeds to Step 64 where, in 

5 response to the power enable signal, an on-chip power converter of the stand-alone 
integrated circuit is enabled to generate at least one supply from the power source. The 
on-chip power converter may produce one or more supplies, which may be a voltage 
supply, or a current supply, for powering different functional circuits of the stand-alone 
integrated circuit. The process then proceeds to Step 56 where the functional circuitry of 

1 0 the stand-alone circuit is enabled when the at least one supply has substantially reached a 
steady state condition. 

Processing Steps 64 and 66 may be described in further detail with reference to 
Steps 64-1 through 64-4 and Steps 66-1 through 66-3. At Step 64-1, a clock signal is 

15 generated. The processing then proceeds to Step 64-2 and Step 64-4. At Step 64-4, a 
clock lock signal is generated when the clock has substantially reached a steady state 
condition. At Step 64-2, power converter regulation signals are generated based on the 
clock signal. The process then proceeds to Step 64-3 where a band-gap reference is 
enabled. The band-gap reference is used to generate the power converter regulation 

20 signals. The process then proceeds to Step 66-1 where the clock lock signal is detected. 
The process then proceeds to Step 66-2 where a supply lock signal is detected. The 
process then proceeds to Step 66-3 where the reset signal is de-asserted upon detection of 
the clock lock signal and the power supply lock signal. 

25 The processing of Step 60 may further be described with reference to Steps 60-A 

to Step 60-B and Step 66-A. At Step 60-A, a reset signal is enabled for at least a portion 
of the stand-alone integrated circuit. The portion of the stand-alone integrated circuit 
may be for a corresponding functional circuitry where each functional circuitry has its 
own reset signal or the reset signal may be applicable for the entire integrated circuit. 

30 The process then proceeds to Step 60- B where a clock signal is generated. The process 
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then proceeds to Step 66- A where the clock signal is provided to the components of the 
stand-alone integrated circuit and the reset signal is de-asserted. 

Figure 4 illustrates a schematic block diagram of an embodiment of the reset 
5 circuit 16. The reset circuit 16 includes P-channel transistors 70 and 76, N-channel 
transistors 78 and 104, and logic elements 72, 80, 86, 88, 84, and 90. Also shown in 
Figure 4 are the regulation module 40, a transistor 92 of the switching transistors 38, and 
the clock lock module 26. 

1 0 When the power source 12 is coupled to the stand-alone integrated circuit and the 

power enable, or power-up signal 94, has not been activated, resistor 82 holds the output 
of OR gate 80 low such that the power converter enable signal 3 1 is low. The regulation 
module 40 then pulls the gate of transistor 92 low, making the power source 12 
substantially equal to the power supply 42. By enabling the power source to be coupled 

1 5 to the supply 42 in this manner, power can be provided to limited portions of the stand- 
alone integrated circuit including portions of the reset circuit 16 and the clock generator 
28. With the power source connected to the stand-alone integrated circuit and the crystal 
14 connected to the stand-alone integrated circuit, a crystal input 98 is provided to an 
input of a NAND gate 86 and to an input of the clock lock module 26. The other input of 

20 NAND gate 86 is received from the non-inverting output of D flip-flop 84. The output of 
NAND gate 86 is coupled to inverter 88 wherein the output of inverter 88 is the clock 
signal 32. The inverting output of D flip-flop 84 is coupled to inverter 90 wherein the 
output of inverter 90 corresponds to the power converter enable signal 3 1 . The other 
input of the clock lock module 26 is the output of the logic gate 38. The output of the 

25 clock lock module 26 is connected to the RB and D inputs of the D-flip-flop 84. 

When the power-up signal 94 is enabled, the output of OR gate 80 goes high 
thereby enabling the clock lock module 26. Once the output of the clock lock module 26 
goes high, the power converter enable signal 3 1 is activated. This causes the regulation 
30 module 40 to provide a control signal to transistor 92 such that the supply 42 is generated 
at the desired output level. Once the supply has reached a steady state condition, the 
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converter lock signal 96 is generated thereby holding the output of OR gate 80 high. 
Note that the reset signal 30 could be generates as a signal equivalent to the converter 
lock signal 96 or as a logic AND of the converter lock signal 96 and the output of the 
clock lock module 26. 

When the on-chip converter is turned off, the converter off signal 102 is activated 
high thereby enabling transistor 104. This actively pulls down on the output of logic gate 
80 causing the clock lock module 26 to be disabled. This, in turn, resets the D flip-flop 
84 and returns the regulation module 40 to a reset condition. 

The preceding discussion has presented a method and apparatus for enabling a 
stand-alone integrated circuit. A stand-alone integrated circuit includes its own on-chip 
power converter such that an appropriate sequence of enabling the circuitry is performed 
to conserve power and to insure accurate startup of the integrated circuit. As one of 
average skill in the art will appreciate, other embodiments may be derived from the 
teaching of the present invention without deviating from the scope of the claims or spirit 
of the invention. 
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CLAIMS 

What is claimed is: 

5 1. A method for enabling a stand-alone integrated circuit (IC) ? the method comprises 
the steps of: 

a) establishing an idle state that holds at least a portion of the stand-alone IC in a 
reset condition when a power source is operably coupled to the stand-alone IC; 

10 

b) receiving a power enable signal; 

c) enabling, in response to the power enable signal, an on-chip power converter of 
the stand-alone IC to generate at least one supply from the power source; and 

15 

d) when the at least one supply has substantially reached a steady-state condition, 
enabling functionality of the stand-alone IC. 

2. The method of claim 1 , wherein the establishing the idle state further comprises 
20 enabling a reset signal for the at least a portion of the stand-alone IC. 

3 . The method of claim 2, wherein the establishing the idle state further comprises 
generating a clock signal. 

25 4. The method of claim 3, wherein the enabling of the functionality of the stand- 
alone IC further comprises providing the clock signal to components of the stand-alone 
IC and de-asserting the reset signal 

5. The method of claim 1, wherein the enabling the on-chip power converter further 
30 comprises: 
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generating a clock signal; and 

generating power converter regulation signals based on the clock signal. 

5 6. The method of claim 5, wherein the enabling the on-chip power converter further 
comprises enabling a band-gap reference that is used in generating the power converter 
regulation signals. 

7. The method of claim 5 further comprises generating a clock lock signal when the 
10 clock has substantially reached a substantially steady-state. 

8. The method of claim 7 ? wherein the enabling functionality of the stand-alone IC 
further comprises: 

1 5 detecting the clock lock signal; and 

detecting a supply lock signal; and 

de-asserting a reset signal upon detection of the clock lock signal and the power supply 
20 lock signal. 

9. The method of claim 1 ? wherein the enabling the on-chip converter further 
comprises: 

25 generating a first supply from the power source; and 

generating a second supply from the power source, wherein the first and second supplies 
are produced by regulating energy transfer from a single inductor. 
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10. A stand-alone integrated circuit (IC) comprises: 

a reset circuit operable to place the stand-alone IC in an idle state until a supply lock 
signal is enabled; 

5 

an on-chip power converter that generates a supply from an external power source upon 
assertion of a power enable signal; and 

supply lock circuit operably coupled to enable the supply lock signal when the supply 
1 0 substantially reaches a steady-state condition. 

1 1 . The stand-alone IC of claim 10, wherein the reset circuit further comprises: 

clock generator operably coupled to produce a clock signal when the external power 
1 5 source is coupled to the stand-alone IC, wherein the clock signal is provided to the on- 
chip power converter such that the on-chip power converter generates the supply; 

clock lock module operably coupled to generate a clock lock signal when the clock signal 
has substantially reached a steady-state condition; 



20 



25 



reset module operably coupled to assert a reset signal when the external power source is 
coupled to the stand-alone IC, wherein the reset module de-asserts the reset signal when 
the clock lock signal and the supply lock signal are asserted such that functionality of the 
stand-alone IC is enabled. 

12. The stand-alone IC of claim 10, wherein the on-chip power converter further 
comprises: 



30 



a band-gap reference that produces a reference voltage upon assertion of the power 
enable signal. 
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13. The stand-alone IC of claim 10, wherein the on-chip power converter further 
comprises: 

switching transistors operably coupled to produce a first supply and a second supply from 
the external power source and a single inductor, and 

regulation module operably coupled to the switching transistors, wherein the regulation 
module produces control signals that enable and disable transistors of the switching 
transistors to regulate the first and second supplies. 
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14. A stand-alone IC comprises: 
on-chip power converter; 

5 processing module; and 

memory operably coupled to the processing module, wherein the memory includes 
operational instructions that cause the processing module to: 

1 0 establish an idle state that holds at least a portion of the stand-alone IC in a reset 

condition when a power source is operably coupled to the stand-alone IC; 

receive a power enable signal; 

1 5 enable, in response to the power enable signal, the on-chip power converter of the 

stand-alone IC to generate at least one supply from the power source; and 

when the at least one supply has substantially reached a steady-state condition, 
enable functionality of the stand-alone IC. 

20 

15. The stand-alone IC of claim 14, wherein the memory further comprises 
operational instructions that cause the processing module to establish the idle state by 
enabling a reset signal for the at least a portion of the stand-alone IC. 

25 16. The method of claim 2, wherein the establishing the idle state further comprises 
generating a clock signal. 

17. The stand-alone IC of claim 15, wherein the memory further comprises 
operational instructions that cause the processing module to enable the functionality of 
30 the stand-alone IC by providing the clock signal to components of the stand-alone IC and 
de-asserting the reset signal 
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18. The stand-alone IC of claim 14, wherein the memory further comprises 
operational instructions that cause the processing module to enable the on-chip power 
converter by: 

5 

generating a clock signal; and 

generating power converter regulation signals based on the clock signal. 

10 19. The stand-alone IC of claim 18, wherein the memory further comprises 

operational instructions that cause the processing module to enable the on-chip power 
converter by enabling a band-gap reference that is used in generating the power converter 
regulation signals. 

1 5 20. The stand-alone IC of claim 1 8, wherein the memory further comprises 

operational instructions that cause the processing module to generate a clock lock signal 
when the clock has substantially reached a substantially steady- state. 

21 . The stand-alone IC of claim 20, wherein the memory further comprises 
20 operational instructions that cause the processing module to enable functionality of the 
stand-alone IC further comprises: 

detect the clock lock signal; and 

25 detect a supply lock signal; and 

de-assert a reset signal upon detection of the clock lock signal and the power supply lock 
signal. 
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22. The stand-alone IC of claim 14, wherein the memory further comprises 
operational instructions that cause the processing module to enable the on-chip converter 
further comprises: 

generate a first supply from the power source; and 

generate a second supply from the power source, wherein the first and second supplies 
are produced by regulating energy transfer from a single inductor. 
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METHOD AND APPARATUS FOR ENABLING A STAND ALONE 
INTEGRATED CIRCUIT 



5 ABSTRACT OF THE DISCLOSURE 

A method and apparatus for enabling a stand-alone integrated circuit (IC) includes 
processing that begins by establishing an idle state that holds at least a portion of the 
stand-alone integrated circuit in a reset condition when a power source is operably 

10 coupled to the stand-alone integrated circuit. A stand-alone integrated circuit includes 
generally an on-chip power converter, a reset circuit and some functional circuitry, which 
may be a microprocessor, digital signal processor, digital circuitry, state machine, logic 
circuitry, analog circuitry, and/or any type of components and/or circuits that perform a 
desired electrical function. When a power enable signal is received, the on-chip power 

1 5 converter is enabled to generate at least 1 supply from the power source. The processing 
continues by enabling functionality of the stand-alone integrated circuit when the at least 
one supply has substantially reached a steady state condition. 
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PATENT APPLICATION 
Docket No.: SIG000050 

DECLARATION AND POWER OF ATTORNEY 
Pursuant to 37 C.F.R 1.63 and 1.67 

As a below named inventor, I hereby declare that: 
My residence, post office address and citizenship are as stated below next to my name; and 
I believe that I an inventor of the subject matter of a patent application entitled: 

A METHOD AND APPARATUS FOR ENABLING A STAND ALONE INTEGRATED CIRCUIT 

The specification for the patent application (check one): 
| X | is attached hereto. 

[ | was filed on as Application Serial No. 

and was amended on (if applicable). 

| | was filed as PCT International Application No. PCT/ on 
and was amended on (if applicable). 

| | was filed on as Application Serial No. 

and was issued a Notice of Allowance on 

I hereby state that I have reviewed and understood the contents of the above identified patent 
application, including the claims as amended by any amendment referred to above or as allowed as 
indicated above. 

I acknowledge the duty to disclose all information known to me to be material to the 
patentability of this patent application as defined in 37 C.F.R. Section 1.56. If this is a 
continuation-in-part (CIP) application, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the first 
paragraph of 35 U.S.C, Section 112, I acknowledge the duty to disclose to the Office all information 
known to me to be material to patentability of the application as defined in 37 C.F.R. Section 1 .56 which 
became available between the filing data of the prior application and the national or PCT international 
filing date of this CIP application. 



I hereby claim foreign priority benefits under 35 U.S.C. Sections 1 19 and 365 of any foreign 
application(s) for patent(s) or inventor's certificate(s) listed below. I have also identified below any 
foreign application(s) for patent(s) or inventor's certificate(s) filed by me or my assignee which: disclose 
the subject matter claimed in this patent application; and have a filing date that is either (1) before the 
filing date of the application on which my priority is claimed; or, (2) before the filing date of this 
application when no priority is claimed: 

Prior Foreign Patents 
(list number, country, filing date MDY, date laid open, date granted or patented) 



I hereby claim the benefit under 35 U.S.C. Sections 120 and 365 of any United States application(s) 
listed below and PCT international application(s) listed below: 

Prior U.S. or PCT Applications 
Application No. Mo/Day/Yr Filed Status 



I hereby appoint Timothy W. Markison, Registration No. 33,534 of SigmaTel Inc., 2700 Via 
Fortuna, Sutie 500, Austin, Texas 78746 as my attorney, with full power of substitution and revocation, 
to prosecute this patent application and to transact all business in the United States Patent and 
Trademark Office connected therewith, and to file and prosecute any international patent applications 
filed thereon before any international authorities under the Patent Cooperation Treaty, and I hereby 
authorize him to act and rely on instructions from and communicate directly with the 
person/assignee/attorney/firm/ organization who/which first sent this case to them and by whom/which I 
hereby declare that I have consented after full disclosure to be represented unless/until I instruct them 
in writing to the contrary. 

Please address all correspondence and direct all telephone calls to: 
SigmaTel, Inc., 
2700 Via Fortuna 
Suite 500 
Austin, Texas 78746 
Phone: (512) 381-3732 
Fax: (512) 381-4125 
Customer No: 000024263 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this patent application or any patent issued thereon. 



Inventor(s) 



May Michael R. 

1213 Shannon Oaks Trail 
Austin Texas 78746 


citizen of: 
USA 


Sianature: ^>^W-1 ^ 
Date: U]\>jnr3 ^ 


May Marcus W. 
3204 Thousand Oaks Drive 
Austin Texas 78746 


citizen of: 
USA 


Sianature: ^"^^ 

Date: '//ii>ba ^ 




citizen of: 


Sianature: 
Date: 






citizen of: 


Sianature: 
Date: 




citizen of: 


Sianature: 
Date: 




citizen of: 


Sianature: 
Date: 



